BIOCHEMICAL SOCIETY TRANSACTIONS synthesis of several polypeptides, whereas at later times the protein pattern appears to be similar to control.
(I), phosphonoformic (11) and C-substituted methylene bisphosphonic acids (111) and the related tetrazole (IV)
can act as product inhibitors of viral polymerases. For example, the replication of herpes viruses can be inhibited by (I) (Boezi, 1979) or (11) (Oberg, 1983) , both compounds inhibiting the DNA polymerases induced by these viruses.
In addition, ( I ) , (11), (111, X = Y = C1) and (IV) can inhibit the RNA transcriptase activity of influenza virus A (Cload & Hutchinson, 1983; Stridh & Datema, 1984) .
The inhibition of the influenza virus by tlese compounds appears to be related to their abilities to form complexes with an essential metal ion (probably zinc) in the transcriptase (Cload & Hutchinson, 1983; Hutchinson 1985) . Thus (111, X = Y = H) forms only weak complexes with zinc ions at physiological pH while (111, X = Y = Cl) forms considerably stronger complexes. This behaviour is paralleled in their inhibitory activities and (111, X = Y = C1) is a good inhibitor of the RNA transcriptase activity while (111, X = Y = H) is a poor inhibitor.
The metal chelating properties of inorganic pyrophosphate are affected if oxygen atoms are replaced by sulphur. Oxygen is a 'hard' centre of the Pearson Hard and Soft Acid and Base Scale while sulphur is a 'soft' centre (Pearson, 1968) . Thus, thiopyrophosphates might be expected to bind to Zn2+ ions in a manner different to that observed with pyrophosphate. We have shown by 31P n.m.r. that bisthiopyrophosphate (VI) appears to bind to ZnZ+ through sulphur while it binds to Mg2+ through oxygen (Hutchinson et al., 1985) . Mono (V) and bis-thiopyrophosphate (VI) form strong complexes with Zn2+ ions under physiological conditions. They are as good inhibitors of the RNA transcriptase activity of influenzavirus A as compounds (I)- (IV) and are better inhibitors of the transcriptase than inorganic pyrophosphate. Monoand bis-thiopyrophosphate inhibit the replication of influenza virus A in MDCK cells and do not appear to be cytotoxic to these cells after 3 days at concentrations which cause marked inhibition of virus replication.
Lipid-soluble pyrophosphate analogues should be taken up by cells more readily than highly polar compounds,
e.g. (1)-(111).
The presence of an electron-withdrawing group on the bridge carbon atom of methylene bisphosphonates is necessary if these bisphosphonates are to be good inhibitors of the RNA transcriptase of influenza virus A (Cload & Hutchinson, 1983) . We have developed a method for the synthesis of C-alkylated monochlorobisphosphonates (VII) in high yield:
The key steps in our synthetic route are the use of thallium(1) ethoxide as base to form the anion from a tetra-alkyl ester of monochloromethylene bisphosphonate followed by reaction with an alkyl iodide and deesterification with trimethylsilyl bromide (Hutchinson & Semple, 1985) . In this way (VII) can be prepared in over 80% yield overall. If the sodio-or lithio-salts of the monoanion of the tetra ester of monochloromethylene bisphosphonate are used in the alkylation step or if deesterification is carried out by hydrolysis with concentrated acid, marked reductions in the yield of (VII) occur. In preliminary experiments, we have shown that (VII, R = Me, n-Pr, n-Bu, n-Hex) are effective inhibitors of 612th MEETING, LONDON the RNA transcriptase activity o f influenza virus A as this activity is inhibited by more than 50% when the analogues are present at a concentration of 2 5 0~~. As part of our investigations into the function of Ap4A we have previously examined the levels of this nucleotide during development of the brine shrimp Artemia. When anietabolic encysted gastrulae of Artemiu resume development they d o so in the total absence of DNA replication and cell division until the point of hatching (16 h) although protein and RNA synthesis proceed unhindered. Upon reinitiation of development, a 125-fold rise in the intracellular concentration of Ap4A was observed, the maximum level coinciding with hatching and the onset of DNA synthesis (McLennan & Prescott, 1984) .
In order t o clarify the relationship between Ap4A, DNA synthesis and cellular growth and division we have sought to identify the intracellular target proteins of this nucleotide. We report here that the major protein isolated from newly hatched larvae which is capable of binding Ap4A is a protein kinase.
When extracts of larvae are analysed by sucrose density gradient sedimentation analysis and the binding of [3H]Ap4A determined in each fraction by a nitrocellulose filter binding assay, a major bindmg protein of M I 93 000 (4.8s) is observed which co-sediments with an enzymic activity capable of incorporating ["P]orthophosphate into liistone H2B using [y-32P]ATP as substrate.
By contrast, n o evidence has been obtained t o suggest that this binding protein may be associated with the DNA polymerase-a-holoenzyme complex in this organism, as has been reported previously for Ap4A-binding proteins from calf thymus (Grummt, 1978) and HeLa cells (Rapaport e t al., 1981).
The Artemia binding protein has been partially purified from newly hatched larvae by ammonium sulphate preAbbreviation used: Ap, A. p'. P"-bis-(S'-adenosyl)-tetraphosphate. cipitation, Matrex Blue and DEAE-cellulose chromatography and AcA 34 gel filtration. This scheme was designed t o remove phosphodiesterases and all other enzyme activities capable of degrading the ligand, thus allowing a more detailed study o f the protein. The purified Ap4A-binding protein still possesses protein kinase activity.
Using histone H2B (the preferred substrate) and [y-32P]ATP o f medium specific activity (1.4 Ci/mmol), stimulation of the kinase activity was observed in the presence of 1 pM-cyclic AMP and 1 mM-cyclic GMP (2.1 and 2.0-fold respectively). However, at similar concentrations, Ap4A had n o detectable effect on kinase activity. Calmodulin and CaZ+ were also without effect.
The preparation was found t o possess endogenous acceptor polypeptides when [y-32P]ATP o f high specific activity was used (> 5000 Ci/mmol). After separation on a 10% (w/v) polyacrylamide gel, four major acceptor species of M , 3 5 0 0 0 , 4 0 0 0 0 , 4 2 0 0 0 and 72000 were observed. These polypeptides all appear t o be part of a single protein complex, as shown by their co-sedimentation on a 5-200/0 sucrose gradient. Since most protein kinases undergo autophosphorylation in vitro when incubated with [y-32P]ATP of high specific activity (de Jonge & Rosen, 1977) , such a mechanism may be responsible for the incorporation observed here. The precise subunit composition of the native kinase is at present unclear, but our observations may be the result of partial proteolysis of a larger precursor. Such an observation has been made by several investigators (Kuo & Shoji, 1982) .
The polypeptides of M , 35 000 and 40 000 or 42 000 may represent the proteolytic products of the M I 72000 polypeptide which, when associated with the third polypeptide of low molecular weight, yields the native kinase of M I 93 000.
This interpretation is supported by the fact that autophosphorylation of crude extracts in the presence of sodium fluoride, an ATPase and protein phosphatase inhibitor, yields only the polypeptide of MI 7 2 0 0 0 on sodium dodecyl sulphate/polyacrylaniide gel. This polypeptide co-sediments with the native Ap4A-binding protein of M I 93 000 on sucrose gradients.
Cyclic AMP (1pM) or cyclic GMP (1pM) completely suppress the phosphorylation of the bands of M I 4 2 0 0 0 and 40 000 while cyclic GMP also reduces phosphorylation of the polypeptides of M , 72 000 and 35 000. The possible role of this kinase in growth regulation and development in Artemia and the significance of Ap4A binding are currently under investigation.
